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Ahstract  T  his  paper  comprehensively  analyzes  the  attitude  pursuit  guidance  law  which  is  one  of  the 
simple  guidance  methods  for  strapdown  homing  guidance  system.  Via  the  analytical  solution  of  attitude 
pursuit,  limitations  on  the  velocities  of  missile  and  target  are  presented.  The  influence  of  damping,  lag- 
ging  and  transfer  parameter  from  rudder  deviation  to  angle  of  attack  on  the  attitude  pursuit  guidance  law 
is  discussed  by  using  Automatic  Control  Theory.  It  is  concluded  that  the  velocities  of  missile  and  target 
should  not  be  too  large,  and  the  stable  loop  of  missile  body  should  have  some  damping  when  the  missile 
guidance  system  has  inherent  lagging,  and  the  transfer  parameter  mentioned  above  should  not  be  too 
large  when  the  attitude  pursuit  guidance  law  is  used. 
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Strapdown  guidance  technology  is  one  of  the 
main  ways  to  reduce  the  cost  of  guided  weapon  and 
to  remake  regular  ammunition.  It  makes  the  seeker 
strapped  down  to  the  missile  body  directly,  and 
omit  the  gimbal  of  conventional  seeker  and  initial 
space- stabilizing  platform.  So  the  seeker  has  no 
complicate  mechanical  structure  and  the  reliability 
of  the  guidance  system  is  strengthened. 

So  the  defense  industries  and  army  forces  of 
many  countries  lay  great  emphasis  on  the  strapr 
down  seeker  and  strapdown  homing  guidance  tech¬ 
nology.  Much  interest  is  added  to  this  field  with 
the  fast  development  of  micrcr  optical  electrical 
technology  and  innovation  of  microcomputer^  . 

This  paper  mainly  studies  the  attitude  pursuit 
guidance(  APG)  method  which  is  one  of  the  avail 


able  simple  guidance  law  for  strapdown  seeker,  and 
focuses  on  its  guidance  performance  and  its  limita¬ 
tions  on  the  missile  system. 

Firstly  this  paper  makes  a  comparison  of 
APG,  velocity  pursuit  guidance(VPG)  and  propor¬ 
tional  navigation(PN)  ,  then  the  paper  presents  the 
limitations  of  attitude  pursuit  on  missile  velocity 
and  target  velocity  through  the  analytical  solution 
of  attitude  pursuit.  The  paper  also  discusses  the  in¬ 
fluence  of  damping  of  missile  body,  system  lagging 
and  transfer  parameter  from  rudder  deviation  to  an¬ 
gle  of  attack  via  the  classical  control  theory.  F inally 
the  paper  gives  a  simulation  of  some  guided  ammu¬ 
nition  which  uses  APG  law  with  information  prcr 
vided  by  its  strapdown  seeker. 
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1  Comparison  of  APG  Law  with  other 
Guidance  Methods 

The  APG  law  is  a  guidance  method  that  the 
longitudinal  axis  of  missile  body  is  needed  to  point 
to  the  taiget  all  the  time  while  the  missile  is  attack¬ 
ing  the  target. 

Assuming  that  the  missile  body  is  well 
damped,  and  via  simulation,  the  angle  relation 
ships  among  longitudinal  axis  of  missile  body,  ve¬ 
locity  vector  and  line- of  sight  (  LOS)  can  be  got, 
and  are  shown  in  Fig.  1. 


F  ig.  1  Angle  relationships  of  APG 

From  Fig.  1  it  can  be  seen  that  the  longitudf 
nal  axis  of  missile  body  is  required  to  point  to  the 
taiget,  however  the  longitudinal  axis  of  missile 
body  usually  lags  behind  the  LOS  and  the  velocity 
vector  lags  behind  the  longitudinal  axis  of  missile 
body  because  of  inherent  inertial  lag  in  missile  sys¬ 
tem.  So  the  response  of  guidance  system  is  slow 
and  the  missile  system  can  not  effectively  hit  the 
maneuvering  target. 

Velocity  pursuit  guidance)  VPG)  law'  ^  is 
that  the  direction  of  missile  velocity  is  required  to 
point  to  the  target  while  missile  is  attacking  the 
taiget.  The  angle  relationships  among  longitudinal 
axis  of  missile  body,  velocity  vector  and  LOS  are 
shown  in  Fig.  2  after  simulation. 

When  using  VPG,  the  direction  of  missile  ve¬ 
locity  usually  lags  behind  LOS,  but  this  lag  is  much 
smaller  than  the  velocity  lagging  of  APG.  There¬ 
fore  the  ability  to  hit  the  maneuvering  target  and 
its  guidance  performance  are  better  than  the 
APG’ s. 


and  with  laiger  navigation  coefficient,  the  angle  re¬ 
lationships  among  longitudinal  axis  of  missile  body, 
velocity  vector  and  LOS  can  be  got  after  simulation 
and  are  shown  in  Fig.  3. 
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Fig.  2  Angle  relationships  of  VPG 
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Fig.  3  Angle  relationships  of  PN 

The  longitudinal  axis  of  missile  body  leads  the 
direction  of  velocity  and  further  the  direction  of  ve¬ 
locity  leads  the  LOS  when  using  PN,  that  is  to 
say,  the  longitudinal  axes  of  both  missile  body  and 
velocity  all  pre- position  the  LOS.  So  PN  can  effec¬ 
tively  attack  the  maneuvering  taiget  and  its  trajec¬ 
tory  is  also  straighter  than  APG’ s  and  VPG’ s. 

From  the  comparison  of  the  three  guidance 
methods,  the  performance  of  PN  is  the  best,  how¬ 
ever  it  needs  the  conventional  gimbal  seeker  to  prcr 
vide  the  LOS  angle  rate  information.  The  PN  can 
also  be  realized  via  Kalman  filter  when  the  missile 
is  equipped  with  strapdown  seeker  and  INS.  So  the 
cost  of  hardware  to  realize  PN  is  higher.  For  VPG, 
it  is  necessary  to  mount  vane  and  strap  the  detector 
down  to  the  vane  with  its  center  axis  parallel  to  the 
vane’  s  direction.  The  hardware  cost  of  VPG  is 
lower  than  PN’ s.  For  APG,  it  only  needs  a  strap- 
down  seeker,  and  its  hardware  cost  is  the  lowest. 
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as  good  as  PN’  s  or  VPG’  s,  it  is  no  doubt  that  a 
low  cost  and  simple  guidance  law  for  some  weapon 
system  should  be  considered  when  the  guidance 
performance  requirement  is  not  too  high. 

2  Limitations  of  APG  on  Missile  Velocity 
and  Target  Velocity 

Assuming  the  missile  being  a  controlled  mass 
point  and  the  target  maneuvering  along  a  straight 
line  with  constant  velocity,  as  shown  in  Fig.  4, 
then  the  relative  motion  equations  of  missile  and 


target  a 


s  follow  s, 


.  £*£  _ 


=  Esina-  Pising 


d7=  VTCOSq~ 
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(V 
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q  =  R  =  0+  a  J 

where  a  is  the  angle  of  attack;  ft  is  the  pitch  angle; 
0  is  the  ballistic  angle;  q  is  the  angle  of  LOS;  r  is 
the  relative  distance  between  missile  and  target;  E 
is  the  missile  velocity;  Et  is  the  target  velocity. 


Fig.  4  Relative  motion  of  missile  and  target 
when  using  APG 

Assuming  that  the  target  is  stationary,  Eq. 

( 1)  can  be  simplified  as 

r(d+  a)  =  Esina! 
r  =  -  Ecosa  J 
Furthermore  assuming  that  the  velocity  of 
missile  changes  little,  then  one  of  the  motion  equa¬ 
tions  of  missile  is  as  follows, 
d  0 

mv  =  fPsina+  YJ-  mg cos0 


where  m  is  the  missile’ s  mass;  P  is  the  thruster’ s 
push  force;  Y  is  the  lift  force. 

Because  |ycos0  in  Eq.  (3)  is  small,  it  could  be 
omitted.  Then 

8  -  y  (4) 

Substituting  Eq.  (4)  into  Eq.  (2) 

")  - 

Because  the  angle  of  attack  a  is  a  limited  value 
and  usually  small  for  general  missile, 

Pa+  Y+  mVa  =  ~mVa 


Y  «  Cy,  aOqS  +  Cy,  5zSzqS  = 

Kia+  A25z 

then 

f  E  P+  £i)  K2  c 

a=  [7-  |F7&  <6> 

where  Cy,  a  is  derivative  of  lift  force  coefficient  with 
respect  to  attack  angle;  Cy,  szis  the  derivative  of  lift 
force  coefficient  with  respect  to  elevator  rudder;  S 
is  the  reference  area;  Sz  is  the  elevator  rudder;  q  is 
the  dynamic  pressure  coefficient  of  air. 

It  can  be  seen  from  Eq.  (  6)  that  the  angle  of 
attack  will  diverge  with  the  decrease  of  r.  That  is, 
a  00  at  the  impact  point. 

When  the  missile  is  far  from  the  target,  even 
though  the  missile  velocity  is  very  large,  in  Eq. 
(6),  there  will  be 

_E  P+  K  i 
r  >  mV 

and  then  the  angle  of  attack  will  diverge.  When 
Et  ^0,  and  the  target  is  maneuvered  along  a 
straight  line  with  constant  velocity, 

Pa+  Aia+  m,Ea=  m^~(  Va-  Vis,inq)(l) 
F rom  Eq.  ( 7) ,  it  can  be  seen  that 

i/  (mV2  „  Ir'\  mill. 
mVa-  - -  P-  Ad  a-  - sm q  ( 8 ) 


0  _  Psina+  Y  _  Jl^gQ 
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If  the  missile  velocity  is  too  large  or  the  dis¬ 
tance  between  missile  and  target  is  too  short,  part 
A  in  the  above  equation  will  make  a  diverge  with 
n  time  exponentially.  If  the  velocity  ,of  missile  and 

j 


•  238  *  SONGJiarrmei  CJA 


targ et  are  all  too  large  and  r  is  too  small,  part  B  in 
the  above  equation  will  make  a  diverge  with  time 
monotonously.  Therefore,  the  APG  is  only  used  to 
the  guided  weapon  system  in  which  missile  velocity 
and  target  velocity  are  slower,  and  the  initial  dis¬ 
tance  between  missile  and  target  is  long  enough. 

In  all,  when  the  target  is  stationary  and  APG 
is  used  in  the  missile  system,  the  angle  of  attack  of 
missile  is  divergent  with  the  decrease  of  relative 
distance,  and  tends  to  infinity  at  impact  time. 
Since  the  real  angle  of  attack  of  missile  is  limited, 
the  missile  has  already  diverted  the  required  trajec¬ 
tory  before  hitting  the  target,  and  APG  can  not  be 
realized  ideally.  So  APG  only  can  be  used  under  the 
in  which  the  velocity  of  both  the  target  and  missile 
are  low,  and  while  the  initial  relative  distance  is 
long  enough. 

3  The  Influence  of  Parameter  of  Missile 
Body  and  Lagging  on  APG 

This  section  will  utilize  Automatic  Control 
Theory  to  analyze  the  influences  of  missile  body’  s 
damping,  system  lagging  and  transfer  coefficient 
on  APG. 

The  non-linear  factors,  such  as  saturation  of 
rudder  and  overload  are  not  considered  for  conve¬ 
nience,  and  the  LOS  angle  is  assumed  as  an  unit- 
step  signal,  then  the  APG  loop  is  built.  Through 
analyzing  its  stable  margin  and  close- loop  unit- step 
response,  the  paper  presents  the  limitations  of  APG 
on  the  missile  system  design. 

( 1)  Influence  of  damping  on  APG’ s  performance 

For  convenience,  the  signal- processing  lag  of 
seeker  is  not  considered  temporally  and  the  transfer 
coefficient  from  rudder  deviation  to  attack  angle  is  2. 

When  the  damping  coefficient  is  ?.=  0.  1,  the 
stable  margin  is  as  small  as  7.  89°,  and  the  vibra¬ 
tion  and  overshoot  of  step  response  are  large. 

When  C=  0.  3,  the  margin  of  APG’  s  stable 
loop  is  27.  . 

When  £=  0.  5,  the  stable  margin  of  APG’  s 
guidance  loop  is  47.  1°. 

From  many  simulations,  it  can  be  seen  that 


APG’ s  guidance  system  is  also  very  small.  If  guid¬ 
ance  system  has  inherent  lagging  at  the  same  time, 
the  guidance  system  will  be  divergent.  The  stable 
margin  will  increase  with  the  increasing  of  system 
damping,  however  the  degree  of  improving  is  limited. 

(2)  Influence  of  transfer  coefficient  on  APG 

When  C  =  0.  3  and  the  transfer  coefficient 
from  rudder  deviation  to  angle  of  attack  is  0.  8,  the 
stable  margin  of  APG’  s  guidance  loop  is  53.  9\ 
Compared  with  the  condition  when  C=  0.  3  and  the 
transfer  coefficient  from  rudder  to  attack  angle  is 
2,  the  stable  margin  was  dramatically  increased. 

It  can  be  concluded  that  the  transfer  coeffi¬ 
cient  from  rudder  to  attack  angle  should  not  be  very 
large  in  order  to  insure  the  stability  of  APG’ s  guid¬ 
ance  loop,  in  other  words,  the  difference  between 
pitch  angle  and  ballistic  angle  should  not  be  too 
large,  which  presents  the  limitation  on  the  missile 
system  design. 

(3)  Influence  of  lagging  of  APG 

When  4  =  0.  5  and  the  transfer  coefficient 
from  rudder  deviation  to  attack  angle  is  2,  the  sta¬ 
ble  margin  of  APG’ s  guidance  loop  is  about  47°  if 
the  lagging  is  not  considered.  However,  when  the 
lagging  is  added  and  its  lagging  time  is  T=  0.  025s, 
the  stable  margin  is  3.  91f ,  and  the  guidance  is 
near  to  the  critically  stable  condition.  The  lagging 
time  will  vary  with  the  different  work  principles  of 
strapdown  seeker. 

When  4=  0.  5  and  the  transfer  function  from 
rudder  to  attack  angle  is  0.  8,  and  also  the  system 
has  inherent  lag  as  T=  0.025s,  the  stable  margin  is 
37°. 

It  can  be  seen  that  decreasing  the  transfer  ccr 
efficient  from  rudder  deviation  to  angle  of  attack 
will  dramatically  strengthen  the  stability  of  APG’ s 
guidance  loop  and  overcome  the  negative  influence 
of  lagging. 

4  Simulation  of  APG  Used  in  Some 
Guided  Ammunition 

This  section  gives  the  simulation  results  of 
some  guided  ammunition  using  APG,  where  the 
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It  can  be  seen  that  the  APG  guidance  law  can 
guide  the  missile  to  hit  the  target  accurately,  if  the 
transfer  coefficient  from  rudder  deviation  to  attack 
angle  is  appropriate,  even  if  the  missile  has  inher- 
ent  lagging. 

5  Condusions 

APG  is  a  low  cost  guidance  method  which 
needs  only  a  strapdown  seeker  to  measure  the  tar- 
get  information.  On  the  other  hand,  it  requires 
that  the  missile  velocity  and  target  velocity  are  not 
too  large.  When  the  guidance  system  has  inherent 
lagging,  APG  requires  the  missile  body  to  have 
some  damping  and  the  transfer  coefficient  from 
rudder  deviation  to  attack  angle  to  be  appropriate, 
that  is,  the  attack  angle  should  be  small.  These 
presents  the  index  limitations  on  missile  system  de- 


Fig.  8  Motion  trajectories  of  missile  and  target 
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